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(57)Abstract: 

PURPOSE: To realize a one-layer transfer electrode, by forming 
transfer electrodes with a small space on the same layer, and 
improve smear characteristics, by lowering a step part at a light- 
receive opening. 

CONSTITUTION: A charge transfer region 102 is formed on a 
semiconductor substrate 101, and a gate oxide film 103, a non- 
doped polysilicon film 104, and a silicon nitride film 105 are formed 
on the substrate (step-a). A photoresist film 106 is formed, and 
boron ions are implanted with a mask of the photoresist film 106 
(step-b). The silicon oxide film 105 is etched with the mask of the 
photoresist film 106 and further side-etched with a given distance 
to form a non-doped polysilicon exposed region 107 with a given 
width (step-c). In this state, the substrate is treated with hydrazine 
and the non-doped polysilicon film is etched to separate charge 
transfer electrodes with a minute space. In a solid-state image 
sensing device, the charge transfer electrodes are used for a 
transfer charge in a vertical transfer register. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the manufacture approach of the semiconductor device which enabled it to form 
a charge transfer electrode by the monolayer, without degrading a charge transfer rate about the manufacture approach of semiconductor 
devices, such as charge coupling equipment (CCD) and a solid state image sensor. 
[0002] 

[Description of the Prior Art] With the transfer electrode structure of the time of development of charge coupling equipment, the thing of 
the monolayer structure shown in drawing 7 was also proposed. That is, as shown in this drawing, 1st charge transfer electrode 204a which 
consists of polish recon etc. through gate oxide 203, and 2nd charge transfer electrode 204b are formed on the semi-conductor substrate 
201. However, with this electrode structure, since the distance a which is the resolution limit (about 1-2 micrometers) of lithography exists 
in the 1st charge transfer electrode and the 2nd charge transfer inter-electrode and electric field are not built here, if a transfer rate becomes 
quick, a poor transfer will occur. 

[0003] Therefore, the thing of multilayer electrode structures, such as two-layer polish recon electrode structure which the transfer 
electrode of this structure is not adopted in a product, and is shown in drawing 8 in fact, is used. With the charge coupling equipment of 
two-layer structure, on the semi-conductor substrate 301, the 1st and 3rd charge transfer electrodes 304a and 304c are formed of the 1st 
layer polish recon, the 2nd and 4th charge transfer electrodes 304b and 304d are formed of the 2nd layer polish recon through gate oxide 
303, distance which does not require the transfer inter-electrode electric field which this mentioned above can be made small enough, and a 
high-speed charge transfer is attained. 

[0004] Conventionally, also in the solid state image sensor which is an application component of charge coupling equipment, as shown in 
drawing 9 , two-layer polish recon electrode structure was adopted. Drawing 9 (a) is the top view of the eel section of the conventional two- 
dimensional solid state image sensor, and drawing 9 (b) is the sectional view of the A-A line. As shown in drawing 9 , in the surface field 
of the p type semiconductor substrate 401, they are the charge transfer field 402 of n mold, the photo-electric-conversion field 413, and p+. 
The mold diffusion layer 414 is formed, on the semi-conductor substrate, through gate oxide, the 1st and 3rd charge transfer electrodes 
404a and 404c are formed of the 1st layer polish recon, and the 2nd and 4th charge transfer electrodes 404b and 404d are formed of the 2nd 
layer polish recon. The metal light-shielding film 417 by which opening 417a was formed on it on the photo-electric-conversion field 413 
through the interlayer insulation film 416 is put. 
[0005] 

[Problem(s) to be Solved by the Invention] With the conventional two-layer electrode structure mentioned above, there were the following 
faults in a two-dimensional solid state image sensor especially. In the conventional solid state image sensor, 3rd charge transfer electrode 
404b formed by the polish recon of the 2nd layer has lapped with 1st charge transfer electrode 404a formed by the polish recon of the 1st 
layer in the part shown in C of drawing 9 (a). Since the coverage of aluminum which is the ingredient of a metal light-shielding film is not 
not much good, as D shows drawing 9 (b) in the side attachment wall of a photo-electric-conversion field, it is easy to generate the non- 
covered section and the thin film section. Therefore, from the D section, light trespasses upon a charge transfer field and degrades a smear 
property. Moreover, since the height in the part to which the polish recon of this side attachment wall has lapped with two-layer was high, 
the light reflected there entered to the charge transfer field as a slanting light, and was degrading the smear property. Moreover, in the thing 
of the conventional two-layer electrode structure, two covering of polish recon, 2 times of polish recon thermal oxidation processes, and 2 
times of photolithography processes were needed for forming an electrode, and there was a trouble that a man day increased. 
[0006] 

[Means for Solving the Problem] The process which carries out sequential formation of gate dielectric film (103), the polycrystalline 
silicon film (104), and the mask ingredient layer (105) on a semi-conductor substrate (101) according to this invention in order to solve the 
above-mentioned trouble, The process which forms ion-implantation mask material (106) alternatively on said mask ingredient layer, The 
process which uses this ion-implantation mask material as a mask, and carries out the ion implantation of the boron, While using said ion- 
implantation mask material (106) as a mask and carrying out etching removal of said mask ingredient layer (105) The process at which 
some front faces of the polycrystalline silicon film with which the front face and boron of the polycrystalline silicon film with which the 
predetermined distance side etch of said mask ingredient layer directly under said ion-implantation mask material was carried out, and 
boron was added are not added are exposed, The process which removes alternatively the polycrystalline silicon film (107) with which the 
boron exposed using the hydrazine is not added, and divides said polycrystalline silicon film (104) into two or more transfer electrodes 
(104a- 104d), The manufacture approach of a semiconductor device including the process which carries out etching removal of said mask 
ingredient layer (105) is offered. 

[0007] Moreover, the process which forms a photo-electric-conversion field (1 13) and a charge transfer field (102) in the surface field of a 
semi-conductor substrate (101) as the manufacture approach of a solid state image sensor according to this invention, The process which 
carries out sequential formation of gate dielectric film (103), the polycrystalline silicon film (104), and the mask ingredient layer (105) on 
said semi-conductor substrate, The process which forms ion-implantation mask material (106) alternatively on said mask ingredient layer, 
The process which uses this ion-implantation mask material as a mask, and carries out the ion implantation of the boron, While using said 
ion-implantation mask material (106) as a mask and carrying out etching removal of said mask ingredient layer (105) The process at which 
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some front faces of the polycry stall ine silicon film with which the front face and boron of the polycrystalline silicon film with which the 
predetermined distance side etch of said mask ingredient layer directly under said ion-implantation mask material was carried out, and 
boron was added are not added are exposed, The process which removes alternatively the polycrystalline silicon film (107) with which the 
boron exposed using the hydrazine is not added, and divides said polycrystalline silicon film into two or more transfer electrodes (104a- 
104d), The manufacture approach of a semiconductor device including the process which carries out etching removal of said mask 
ingredient layer is offered. 
[0008] 

[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 1 (a) is the top view of the two- 
dimensional solid state camera formed of the 1st example of this invention, and drawing 1 (b) is the sectional view of the A- A line. 
Moreover, drawjng 2 Ia)^ drawlnft-24 c4-thr-u/o x drawing 3 (a) - drawing 3 (c)"are the main process secti onal views ot this exampieln the 
cross se ction in the B-B line of drawing 1 (a). FirstTas shown in drawing 2 (a ), in the surface field ot the p type semiconductor substrate ~ 
- — rOlTTTmold impurity is diffused and the charge transfer field 102 is formed. Next, on a semi-conductor substrate, about 500A and the 
polish recon film 104 are carried out at about 5000A, and sequential formation of the silicon nitride 105 is carried out for gate oxide 103 at 
about 1000A thickness. 

[0009] next, as shown in drawing 2 (b), it is alike on the field which will become the 1st charge transfer electrode and the 2nd charge 
transfer electrode in the future, and the photoresist film 106 is formed, and after adding so that it may become a mask about this photoresist 
film and may become about [ 1x101 8cm - ] three concentration about boron, boron is activated by low- temperature annealing processing. 
Next, as shown in drawing 2 (c), the photoresist film 106 is used as a mask and the silicon nitride 105 is etched. At this time, the side etch 
of about 0.4 microns of the silicon nitrides 105 directly under a photoresist is carried out from a photoresist membrane end, and the non 
dope polysilicon contest exposed region 107 where boron is not added is formed. 

[0010] Next, as shown in 3 (a), after etching the polish recon film of the non dope polysilicon contest exposed region 107 into a mask for 
the silicon nitride 105 which remains with the mixed liquor of a hydrazine and isopropyl alcohol, forming the separation slot 108 and 
dividing the polish recon film 104 into 1st charge transfer electrode 104a, 2nd charge transfer electrode 104b, and 3rd charge transfer 
electrode 104c, the silicon nitride 105 is removed. In processing by the above-mentioned hydrazine, most polish recon film with which 
boron was added is not etched. Here, the width of face of the separation slot 108 has optimal about 0.4 microns. 

[001 1] Next, in order to remove the garbage of the polish recon film, after forming the photoresist film (with no illustration) on the polish 
recon film of this garbage, adding so that it may become a mask about this photoresist film and may become three or more [ 1x101 8cm - ] 
concentration about boron and removing the photoresist film, boron is activated by low-temperature annealing processing. Subsequently, it 
processes with the mixed liquor of a hydrazine and isopropyl alcohol again, and etching removal of the polish recon film of a garbage is 
carried out. 

[0012] Next, as shown in drawing 3 (b), after removing the exposed gate oxide 103, it heat-treats in an oxidizing atmosphere, and the 
thermal oxidation film 109 of about 500A of thickness is formed in the front face of each transfer electrode , then the SOG film 1 10 is 
formed Jay-s pin ** and heat treatment, and flattening of the front face is carried out^ Next, as shown in drawing 3 (c), a contact hole 1 1 1 is 
formed on 1st charge transfer electrode - 104a and 3rd charge transfer electrode 104c, the metal wiring 1 12 (it serves as a metal light- 
shielding film) which supplies the electrical potential difference for a charge transfer is formed, and formation of equipment is completed. 
Here, sup ply of the transfer electrical potential difference to other cha rge transfer electrodes is similarly performed from an equipment 

^peirtgge5Ja5shown^ ~ ~ " " ' ' " — ~ < 

[0013]It returns to drawing 1 , and as shown in drawing 1 (a) and (b), opening 1 12a is prepared on a photo-electric-conversion field at the 
metal wiring 1 12 which serves as a light-shielding film. Since there is no lap of a transfer electrode in this opening for light-receiving 
unlike the case of the conventional example shown in drawing 9 as shown in drawing 1 (b), the height of opening can be made low. 
Therefore, since the step coverage of a metal light-shielding film (metal wiring) is improvable with the structure of this example while 
being able to lessen a leakage lump of the light to the charge transfer field by reflection with an opening side attachment wall, a leakage 
lump of the light by the imperfect light-shielding film can also be controlled, therefore, as compared with the case of the conventional 
example shown in drawing 9 , a smear property can be boiled markedly and it can improve. 

[0014] Drawing 4 (a) is a top view for explaining the 2nd example of this invention, and drawing 4 (b) and drawing 4 (c) are the sectional 
views in the A-A line and B-B line in drawing 4 (a), respectively. In this 2nd example, metal wiring for supplying a transfer electrical 
potential difference to the 1st and 3rd charge transfer electrode and a light-shielding film are formed by the separate metal membrane. In 
drawing 4 (c), since the process until it forms a contact hole 1 1 1 in the SOG film 1 10 and the thermal oxidation film 109 is the same as that 
of the case of the 1st example, the explanation is omitted. 

[0015] After forming a contact hole 1 1 1, as shown in drawing 4 (c), the metal wiring 115 for supplying an electrical potential difference to 
the 1st and 3rd charge transfer electrodes 104a and 104c is formed. At this time, the edge of the photo-electric-conversion field 113 
approach of the metal wiring 1 15 is fully formed in the inside from the edge of a charge transfer electrode. Next, after forming an interlayer 
insulation film 116, the metal light-shielding film 1 17 by which opening 1 17a was prepared on the photo-electric-conversion field 1 13 is 
formed, and formation of equipment is completed. In this example, conventionally, unlike structure, since a transfer electrode is a 
monolayer in opening for light- receiving, like the case where it is a previous example, step coverage is good and the smear property 
improves similarly. 

[0016] Drawing 5 and drawing 6 are the top views showing the example of modification of the 2nd example of this invention shown in 
drawing 4 , respectively. The 2nd and 4th charge transfer electrodes 104b and 104d receive supply of a transfer electrical potential 
difference with the metal wiring 115, and the 1st and 3rd charge transfer electrodes 104a and 104c consist of examples of drawing 5 so that 
the metal wiring 1 12 with which it serves as a metal light-shielding film may receive supply of a transfer electrical potential difference. The 
2nd and 4th charge transfer electrodes 104b and 104d are connected with the metal wiring 1 15 at intervals of several blocks. In the example 
of modification of drawing 6 , moreover, the 1st and 3rd charge transfer electrodes 104a and 104c Metal wiring 1 1 5a receives supply of a 
transfer electrical potential difference. 2nd and 4th charge transfer electrode 104b, 104d is constituted so that metal wiring 115b may 
receive supply of a transfer electrical potential difference, and after the metal wiring 1 15a and 1 15b, the metal light-shielding film 1 17 by 
which opening 1 17a was punctured on the light- receiving field is formed through the interlayer insulation film. 

[0017] Although the desirable example was explained above, various kinds of modification is possible for this invention in the summary of 
the invention in this application which is not limited to these examples and indicated by the claim. For example, although the garbage of 
the polish recon film was removed in the example after forming an each transfer inter-electrode separation slot, it replaces with this 



http ://www4 . ipdl .ncipi . go j p/cgi -bin/tran_web_cgi_ejj e 



10/26/04 



Page 3 of 3 



approach and polish recon film other than the transfer polar zone can be beforehand removed in advance of formation of a separation slot. 
Moreover, although the two-dimensional solid state image sensor was explained, this invention is applicable in the example, also to still 
more common charge coupling equipment also to a 1 -dimensional solid state image sensor. 
[0018] 

[Effect of the Invention] As explained above, since the manufacture approach of the semiconductor device of this invention performs 
transfer inter-electrode separation by carrying out the side etch of the wrap silicon nitride for the polish recon film, exposing the polish 
recon film of a non dope in the side etch section, and carrying out etching removal of this while doping boron alternatively on the polish 
recon film, according to this invention, it can process inter-electrode distance into the dimension below the resolution of a photolithography 
technique, therefore, the thing which according to this invention transfer inter-electrode electric field become weaker even if it does not use 
the transfer electrode of multilayer structure ~ being lost « the transfer electrode of a monolayer — enough ~ a high speed — charge 
transfer ****-- things become possible. Therefore, if it becomes possible to form charge transfer equipment with good transfer efficiency 
by the small man day and is in a solid state image sensor, the level difference of opening for light-receiving can be made low now, and it 
becomes possible to improve sharply the smear property of having deteriorated by piling up a transfer electrode. 

[Translation done.] 
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